Pregnancy in women has been shown by Boyd (1) to be accompanied by a lipemia involving certain definite changes in the lipid concentration of the red blood cells and blood plasma. Correlating this with earlier work the conclusion was reached that the increase in the concentration of blood lipids commences about midway in the nine months of gestation. Fat metabolism in the fetus also becomes active about the mid-point of pregnancy as indicated by increasing amounts of lipids being laid down in the growing offspring (2). The time relationship of these two processes suggests that they may be related.
Pregnancy in women has been shown by Boyd (1) to be accompanied by a lipemia involving certain definite changes in the lipid concentration of the red blood cells and blood plasma. Correlating this with earlier work the conclusion was reached that the increase in the concentration of blood lipids commences about midway in the nine months of gestation. Fat metabolism in the fetus also becomes active about the mid-point of pregnancy as indicated by increasing amounts of lipids being laid down in the growing offspring (2) . The time relationship of these two processes suggests that they may be related.
To prove or disprove this possible relation was the purpose of the present investigation. As a working hypothesis it was suggested that as the lipid concentration in the maternal blood stream increases, the placenta passes more of these substances on to umbilical blood from whence they are absorbed in increasing amounts by the fetus. This theory requires proof (a) that lipids are absorbed from umbilical blood by the fetus, and (b) that lipids are added to umbilical blood by the placenta. The placenta of the rabbit and rat has been shown in recent years to be "permeable" to lipids by Bickenbach and Rupp (14) , Sinclair (15) and Chaikoff and Robinson (16) . By analogy the human placenta has been assumed to be "permeable" also. Direct proof of the " permeability " of the human placenta to lipids is lacking and it should be recalled that the structure of the human placenta differs from that of the rat and the rabbit. In fact Slemons and Stander (3) and many others as reviewed by Needham (2), Mayer (4), Schlossmann (5) , etc., believe that the human placenta does not permit the passage of fats to the fetal circulation because they found that the lipid concentration of blood on the maternal side of the placenta was always higher than 1Faculty of Medicine, Queen's University, Kingston, Ontario, Canada.
on the fetal side. We have repeated this experiment and obtained similar results but we are inclined to agree with Needham (2) that it does not prove the human placenta to be " impermeable " to lipids. Hence we devised experiments of a different nature which could be applied with safety both to mother and child.
It was decided that the first requisite was to determine whether or not the fetus was capable of absorbing lipids from umbilical blood. Obviously if lipids were not taken up by the fetus as blood passed through it, then there was no need for the placenta to pass them on from the maternal blood stream. On the other hand if lipids were absorbed by the fetus from umbilical blood, then presumably the placenta must replenish the lost supply and such would be circumstantial evidence in favor of the " permeability " of the human placenta to lipids. When the term permeability is applied to lipids we do not mean simple diffusion as in the case of electrolytes. How the colloidal and insoluble lipid molecules pass through animal membranes is not understood but possibly it is through the intermediate formation of the semi-water soluble phospholipids. The procedure developed consisted in obtaining samples of blood from the umbilical vein and an umbilical artery immediately after parturition and comparing the lipid composition of each. The umbilical vein (Figure 1 ) carries blood from the placenta to the fetus while the umbilical arteries return blood from the fetus to the placenta after it has passed through the embryo. By comparing the lipid content of blood entering the fetus by the umbilical vein with the lipid content of blood leaving the fetus by the umbilical arteries, it may be found what lipids, if any, are added to or removed from the blood in its passage through the fetus. 7
This method was used as early as 1884 by Cohnstein and Zuntz (6) to investigate the physiology of the fetus. More recently it has been employed by Arstamianz (7), Blair-Bell et al. (8) and Naeslund (9) . As far as the authors have been able to ascertain, no previous reports have appeared on the lipid composition of blood in both vessels. In 1913 Grigaut (10) reported in the course of a thesis that in three cases he found 11 to 12 per cent more cholesterol in the vein than in the artery and this was confirmed in 1926 by Arstamianz (7) . Of the other lipids, ester cholesterol, free cholesterol, phospholipids, neutral fats, etc., apparently nothing has been reported.
All samples of blood were obtained from patients in the delivery rooms of the Strong Memorial Hospital. No attempt was made to select cases in regard to age, nationality, weight or parity; each patient was a normal, healthy woman at full term pregnancy and in labor. Since most obstetrical patients enter the maternity hospital in active labor, it was not possible to regulate the previous habitual diet of the patients nor to control the length of time between delivery and when the last meal was taken. Labor lasts from 15 to 24 hours and during this time most patients consume very little food so that the results may be considered approximately fasting values. To assure no harm to the health of the new born child, blood was not taken from the fetal end of the cord (umbilical weighed under 3,000 grams and most of the infants were large, weighing between 3,500 and 4,500 grams. It is important to remember for the interpretation of the data to be presented below that all the new born infants were large and well nourished.
With the patient in the expulsive stage of labor, one of us " scrubbed in " on the delivery and was handed the child by the accoucher immediately after it had been removed from the uterus. The umbilical cord was clamped and cut immediately after delivery instead of waiting for the cord to stop pulsating in the orthodox manner. Cessation of pulsation in the umbilical cord signified the contraction of the umbilical arteries and under such circumstances it was found difficult to obtain a sample of blood from these vessels. For the same reason the new born child was quickly transferred to a heated crib and the cord stump (cut about 6 to 8 inches from the child) wrapped in warm towels.
The clamp holding the cord stump was then released and the cut end of the cord searched for an umbilical artery which was readily recognized by the pulsating spurts of blood emitted from it. The remaining cross section of the cord was clamped, excluding the artery from which blood was allowed to pump into a flask containing a small amount of half saturated sodium citrate solution. Ten to 20 cc. of blood were so obtained in about 5 minutes. A sample of venous blood was then taken from the maternal end of the cord with the placenta still attached in utero. The latter sample was considered to represent the venous blood entering the fetus. The contraction of the uterus was assumed to have little effect upon the lipid content of venous blood, an assumption which was substantiated in part by the finding of similar results in a case of caesarean section in which the uterus was not contracted. It was later found that the lipid concentration of venous blood slowly increases after the cord is clamped so that this sample was obtained as quickly as possible after delivery. The samples of whole blood from the artery and vein were then extracted and analysed for their lipid constituents using the Bloor oxidative microprocedures as modified by Boyd (11) .
RESULTS
On each sample of blood the ten lipid values given by Boyd (11) were determined but for the sake of brevity and clarity only the essential values will be reported in detail. In Tables I to IV are listed the individual values respectively for phospholipid, free cholesterol, ester cholesterol and neutral fat. The remaining values (total lipid, total fatty acids, etc.) may be calculated from those given in the manner described by Boyd (11) .
Fetal blood is known to contain three groups of lipids, namely phospholipids, neutral or glycerol fats and cholesterol and its esters. Phospholipids may be regarded as esters of fatty acids in combination with glycerol, a nitrogenous base or bases and phosphoric acid. The latter radicles impart to these substances the property of being partially soluble in water in which they form colloidal solutions. They also have a smaller molecular weight than most other lipids. For these reasons and from various experiments on fat absorption they are usually regarded as functioning in the transport of fatty acids. The phospholipid (Table I) Free cholesterol, Table II , exhibited changes similar to phospholipids. In all except two cases blood from the vein contained more free cholesterol than blood from the artery. In the former vessel the range was 51 to 88 mgm. per cent while in the latter it was 37 to 75 mgm. per cent giving an average of 64 mgm. per cent for the vein and 55 for the artery. Thus the fetus may be considered to have absorbed from 0 to 25 mgm. of free cholesterol per 100 cc. of blood, a mean absorption of 9 mgm. or 14 per cent of the free cholesterol going to the fetus from the placenta. It may thus be concluded that the fetus also absorbs free cholesterol though in appreciably smaller amounts than phospholipids. Cholesterol has the property of combining with fatty acids to produce cholesterol esters, substances which Bloor believes may act as transporters of fatty acids. That part of the total cholesterol which is united with fatty acids is designated ester cholesterol. Ester cholesterol, Table III , was found lower in the artery in 8 cases, lower in the vein in 6 cases and in 1 case was the same in both vessels. There appeared to be no relation between these changes until they were tabulated as in Table III according to the height of ester cholesterol in venous blood. It then became obvious that the more ester cholesterol in venous blood going to the fetus the more absorbed by the fetus. When the concentration of ester cholesterol in the umbilical vein fell below about 10 mgm. per cent then the fetus not only ceased to absorb this lipid but actually added some to the blood. This may conceivably represent an attempt on the part of the fetus to maintain a certain level of ester cholesterol in the blood. The results indicate that the fetus absorbs ester cholesterol providing there is more than a certain minimum concentration (10 mgm. per cent) in the blood.
Neutral fat, Table IV , behaved in a distinctly different manner from the other three lipids. In 9 cases there was more neutral fat in the venous blood and in 6 cases more in the arterial blood. No reason for the variation could be found such as differences in the concentration in venous blood, weight of fetus, etc. Very little is known about the function of neutral fat in blood: Boyd has shown that its concentration in blood is subject to marked variation under normal conditions (11) and that it is more than doubled in value in plasma at the end of pregnancy (1) . From the present results neutral fat may apparently be either absorbed or given up by the fetus. Its mean Figure 1 ; the data given in this figure may be considered as a short summary of the results above.
Of particular interest among the cases studied were those of Unit Number 59820-A and -B. These were double ovum twins of the same sex and weight. One might expect to find the same amount of lipids going to and coming from each. Yet this was not the case. Twin A absorbed more phospholipids, more free cholesterol, more ester cholesterol and more neutral fat than Twin B. There findings in conjunction with the wide range of values for each lipid as given in Tables  I to IV Figure 1 , is taken into consideration it appears reasonable to interpret these results as signifying an absorption of the first three of these lipids by the fetus from umbilical blood. The fact that all lipids were not reduced to the same relative extent in arterial blood indicates that the results are not due to a simple dilution of venous blood in its passage through the fetus. Since the samples of blood were collected immediately after the cord had been cut it is probable that fat was absorbed by the fetus at the same rate as when the umbilical circulation was intact. We may therefore conclude that the human fetus at birth absorbs from umbilical blood phospholipids, free cholesterol and cholesterol esters and occasionally neutral fat also.
By analysing the results more closely, it is possible to arrive at an approximate idea of the amount of lipids being absorbed by the fetus per day. It will be recalled that blood was taken from the umbilical artery within 5 minutes of the time that the cord was clamped and cut. The fetus thus had 5 minutes in which to absorb lipids from its blood stream before all of the arterial sample of blood was secured. If we assume that no lipids were added to the blood by the fetus in this interval then we may calculate the total amount of lipids absorbed in 5 minutes, in an hour or in a day. The concentration of lipids in arterial blood subtracted from the concentration in the vein will thus roughly indicate the amount of lipids absorbed from 100 cc. of blood in five minutes. Multiplying this value by 2% will give the total amount of lipid absorbed from the entire fetal blood stream which is usually reckoned as 250 cc. in the average infant.
Applying these calculations to phospholipid values it may be found that an average large well nourished human infant at delivery absorbs 44 mgm. of phospholipids per 100 cc. of blood per 5 minutes or approximately 30 grams per 250 cc. per 24 hours. Although this is only an approximation it is probably fairly correct: there are certain factors which would lower it and certain which would increase it. The important point is that it indicates that the human fetus at birth absorbs very large quantities of this lipid; 30 grams represents three times as much phospholipid as the maternal blood stream contains at any one time. In a similar manner it may be calculated that free cholesterol is absorbed at the average rate of 6 to 7 grams per day and cholesterol esters (ester cholesterol plus cholesterol ester fatty acids) at about the same rate. In all, 40 to 50 grams of these lipids are absorbed from umbilical blood per day by the human fetus. Part of this fat is no doubt used as fuel in metabolism and part stored in the fat depots.
As previously stated, it is probable that lipid Such a procedure was adopted. Twenty-five to 50 cc. of blood (Sample 1) were taken from the umbilical vein immediately after the cord had been cut. The uterus was then palpated through the mother's abdomen until the placenta was noted to separate from the uterine wall. Then the uterus was compressed and as much blood as possibleusually 50 to 75 cc.-collected from the umbilical vein in another flask (Sample 2). Each sample of blood was separately extracted and analysed for its lipid content. 0  27  9  192  253  61  0  10  197   212  15  0  11  213  226  13  0  12  218  222  4  0  13  219  225  6  0  14  223  210  0  13 Phospholipid, Table V , again exhibited the most consistent and extensive changes. In twelve out of fourteen cases, Sample 2 contained more phospholipids than Sample 1. At delivery the phospholipid concentration in whole blood from the umbilical vein varied between 162 and 223 mgm. per cent with a mean of 190 mgm. per cent. At the time of placental separation half an hour later, the range was 163 to 236 mgm. per cent with a mean of 210 mgm. per cent and an average addition of 20 mgm. of phospholipid per 100 cc. of blood. Since, as will be shown, the other lipids were not increased at the same rate, the increase in phospholipid cannot have been due simply to the placenta removing water from the umbilical blood. It appears logical to conclude that these results indicate phospholipid is actually added to umbilical blood between the time of delivery and the time of placental separation, and it is probable that such an addition also occurs before delivery. That phospholipid is added to umbilical blood by the placenta explains how phospholipid is restored to umbilical blood when removed by the fetus. Free cholesterol, Table VI , was also more concentrated in Sample 2 in the majority of cases. The average value for free cholesterol at delivery was 60 mgm. per cent and at placental separation 65 mgm. per cent. In 72 per cent of cases Sample 2 contained more free cholesterol than Sample 1, in 7 per cent there was no change and in 21 per cent free cholesterol was lower in the second sample of blood. Individual differences between the two samples were small as would be expected. The results may be interpreted as signifying that the human placenta adds free cholesterol to umbilical blood.
Ester cholesterol, The results of Part B demonstrate that blood from the umbilical vein at placental separation contains more phospholipids in practically 100 per cent of cases, more free cholesterol in about 75 per cent of cases, more cholesterol esters in about two thirds of the cases and more neutral fat in only one half the cases than at the time of delivery. These results consistently agree with the findings in Part A. Phospholipids are of paramount importance in the exchange of lipids between the placenta and the fetus: they are added to umbilical blood by the placenta and absorbed by the fetus. Free cholesterol is also absorbed by the fetus but in smaller amounts; and in only three quarters of the cases studied could the placenta be shown to add free cholesterol to umbilical blood. Ester cholesterol is absorbed by the fetus providing there is more than about 10 mgm. per cent in its blood; when the concentration falls below 10 mgm. per cent the placenta adds large amounts but if the concentration is above 10 mgm. per cent the placenta may either add or subtract a few mgm. Apparently both the placenta and the fetus take part in keeping the value of ester cholesterol in umbilical blood at about 10 mgm. per cent. Neutral fat may be either a1sorbed or given up both by the placenta and the fetus; what factors govern the direction of the exchange are not apparent from the results to date.
The role of the white blood cells In view of some of the older theories which ascribed to blood leukocytes an important function in fat absorption from the intestine, it was decided to investigate the lipid content of these cells in the fetal circulation. The methods of separation and analysis used were those of Boyd (12) .
In 11 cases sufficient blood was obtained from the umbilical vein to perform a complete analysis on the leukocytes and the results are given in Table IX. The outstanding difference between the lipid content of leukocytes in the fetal blood and those of adult blood as previously reported (12) is that the fetal white cells contain smaller amounts of all the various lipid constituents, approximately one half the values in adults. The difference was less marked though still distinctly lower than the concentration of lipids in the leukocytes of pregnant women in whom the values are somewhat lower than in non-pregnant women (13) .
Differential leukocyte counts in fetal and infant blood have shown that there is a greater percentage of lymphocytes in the young, as much as 50 per cent of the total leukocytes. The low lipid content is possibly related to this greater proportion of lymphocytes. The blood leukocytes in a case of chronic lymphatic leukemia studied by one of us (E. M. B.) gave evidence of low lipid values and the leukocytes were composed chiefly of lymphocytes. 1  1540  660  170  0  179  710  2  1105  394  239  0  243  472  3  932  0  431  280  151  313  4  845  158  185  63  122  460  5  793  112  156  74  82  475  6  759  0  201  9  192  552  7  719  82  170  0  172  467  8  691  0  163  48  115  496  9  691  0  196  27  169  477  10  686  0  174  0  174  512  11  566  41  174  58  116  342   Mean 848   132  205  51  156  480 In only 4 cases was sufficient blood obtained from the umbilical artery to permit a lipid analysis of the white blood cells. All the values found were within the same range as the venous leukocytes. Comparing the lipid composition of the venous leukocytes to that of the arterial in the same infant, each lipid was found changed after passing through the fetus but in the 4 cases studied no consistent variation for any lipid could be established. Nor was there any consistent difference in the lipid values of the venous leukocytes between the time of delivery and the time of placental separation. In fact neither by comparing individual differences nor general trends and means could any evidence be obtained that the blood leukocytes aided the transfer of lipids between the placenta and the fetus.
SUMMARY
Evidence has been presented that certain lipids are added to umbilical blood by the placenta and removed or absorbed by the fetus.
(1) Whole blood from the umbilical artery at birth contained 22 per cent less phospholipids and 14 per cent less free cholesterol than whole blood from the umbilical vein. Ester cholesterol was also lower in arterial blood but only when venous blood contained over 10 mgm. per cent of this lipid. Neutral fat was lower in about half the cases and higher in the other half. The results were considered to signify that phospholipid and free cholesterol are regularly absorbed by the human fetus from umbilical blood at birth, ester cholesterol providing that there is sufficient (over 10 mgm. per cent) to be absorbed while neutral fat may be either absorbed or given up. It was estimated that over 40 grams, 75 per cent of which is phospholipids, of these substances are absorbed in 24 hours by an average large, well nourished human fetus at birth. (2) Whole blood which lies in the placenta between the time that the cord is clamped and the time that the placenta separates from the uterine wall was found to acquire additional amounts of phospholipids in 12 out of 14 cases, free cholesterol in three quarters of the cases, ester cholesterol in two thirds of the cases and neutral fat in half the cases. It was concluded that the placenta adds all of these substances to umbilical blood and may remove some of them, especially neutral fat. Phospholipids, free cholesterol and ester cholesterol therefore pass in general in one direction, namely from the placenta to the fetus, while neutral fat may pass in either direction.
(3) The composition of fatty acids in plasma from the umbilical vein were found similar, in respect to their iodine number, to those of adult plasma except phospholipid fatty acids which are apparently more saturated in the fetal circulation. It is probable that the fetus absorbs the more saturated phospholipid fatty acids and that it has an especial avidity for the cephalin fraction of the phospholipids.
(4) The white blood cells of fetal blood contain about one half the lipid concentration of adult leukocytes which is probably due to the greater proportion of lymphocytes in the blood of the fetus at birth. No evidence was obtained that they function in the transport of fat from the placenta to the fetus or vice versa.
